TRAVELING TRANSMISSION APPARATUS FOR WORK VEHICLE 



Background of the Invention 

Field of the Invention 

The present invention relates to a traveling transmission 
apparatus for a work vehicle, including a stepless change-speed unit 
receiving power from an engine, a gear transmission mechanism receiving 
power from the stepless change-speed unit, and a rear-wheel differential 
mechanism for transmitting power from the gear transmission mechanism 
to rear wheels, the change-speed unit, the gear transmission mechanism 
and the differential mechanism all being disposed rearwardly of the engine. 

Description of the Related Art 

The traveling transmission apparatus of the above-noted type is 
known form e.g. the Japanese Patent Application "Kokai" No.: Hei. 
11-91379 (see paragraphs [0054R0056] and Figs. 1-3). In this traveling 
transmission apparatus, a change-speed case of the stepless change-speed 
unit is coupled via a main clutch housing to a flywheel housing portion 
disposed rearwardly of the engine and to the rear of this change-speed case, 
there is connected a traveling transmission case housing therein the gear, 
transmission mechanism and the rear-wheel differential mechanism. 

When the above-described conventional traveling transmission 
apparatus is mounted on a work vehicle^ for effecting e.g. a maintenance 
operation of a hydraulic circuit of the stepless change-speed unit, this 
operation was difficult because of the poor accessibility to the stepless 
change-speed unit from the outside of the vehicle body. Further, regarding 
a desire to dispose the engine and the traveling transmission unit in a 



compact manner in the vicinity of the rear axle, the above construction 
cannot fully meet the desire because of a significant distance separating 
between the engine and the rear-wheel differential mechanism. 

5 Summary of the Invention 

In view of the above, a primary object of the present invention is to 
provide a traveling transmission apparatus which may be disposed in a 
compact manner in the vicinity of the rear axle when the engine, the 

10 . stepless change-speed unit and the transmission case are coupled to each 
other to be mounted as a single structure on the work vehicle and which 
facilitates e.g. maintenance of the stepless change-speed unit. 

For accomphshing the above-noted object, according to the present 
invention, there is proposed a traveling transmission apparatus for a work 

15 vehicle, comprising a stepless changes-speed unit receiving power from an 
engine, a gear transmission mechanism receiving power from the stepless 
change-speed unit and disposed rearwardly of the engine, a rear- wheel 
differential mechanism receiving power from the gear transmission 
mechanism and disposed rearwardly of the engine, and a transmission case 

20 accommodating the gear transmission mechanism and the rear- wheel 
differential mechanism and coupled to the rear of the engine, wherein the 
stepless change-speed unit is disposed rearwardly of the gear transmission 
mechanism and rearwardly also of an output shaft of the rear-wheel 
differential mechanism. 

25 With the above construction, the transmission case accommodating . 

the gear transmission mechanism arid the rear-wheel differential 
mechanism is coupled to the rear of the engine and the stepless 
change-speed unit is mounted at a position located rearwardly of the gear 
transmission mechanism and rearwardly also of the output shaft of the 

30 rear-wheel differential mechanism. As a result, the engine, the 



2 



transmission case and the stepless change-speed unit are coupled together 
to form a single structure and the stepless change-speed unit is disposed at 
the rearmost portion of this structure. Accordingly, this construction 
improves access to the stepless change-speed unit from the rear side of the 
vehicle body. Further, as the stepless change-speed unit is disposed 
rearwardly of the output shaft of the rear-wheel differential mechanism, 
compared with the conventional transmission apparatus described above, 
the distance between the engine and the rear-wheel differential mechanism 
is reduced by an amount corresponding to the length of the stepless 
change-speed unit. 

Therefore, this further improves the accessibility to the stepless 
change-speed unit for its maintenance and also achieves compact 
arrangement of the engine and the traveling transmission apparatus in the 
vicinity of the rear-wheel axle. 

According to one preferred embodiment of the present invention, 
the stepless change-speed unit is constructed as an HST (hydrostatic 
stepless transmission) ^nd a port block for the HST is detachably secured to 
an end of a rear opening of the transmission case for closing this opening. 
With this construction, by detaching the port bock from the transmission 
case, an oil passage for the HST becomes separated from the transmission 
case, thus facilitating its maintenance. Further, the port block acts also as 
a lid for the rear opening of the transmission case. 

According to another preferred embodiment, the HST includes one 
hydraulic pump and first and second hydraulic motors, the hydraulic pump 
and the first hydraulic motor being attached to an inner face of the port 
block, the second hydraulic motor being attached to an outer face of the port 
block: With this, the hydraulic pump and the first hydraulic motor are 
housed in the transmission case, so that an HST case can be formed small 
just enough to substantially cover the second hydraulic motor. Further, as 
the hydraulic pump and the first and second hydraulic motors can be 



attached to the port block provided independently of the transmission case, 
the assembly operation of these hydraulic units is facilitated. 

Further and other features and advantages of the present 
invention will become apparent upon reading the following detailed 
disclosure of the present invention with reference to the accompanying 
drawings. 

Brief Description of the Drawings 

Fig. 1 is a perspective view showing a work vehicle in its entirety, 

Fig. 2 is a side view of the entire work vehicle, 

Fig. 3 is a side view of a vehicle body frame, 

Fig. 4 is a plan view of a traveling transmission apparatus, 

Fig. 5 is a schematic of the traveling transmission apparatus, 

Fig. 6 is a section view of a gear transmission mechanism, 

Fig. 7 is a section view of a stepless change-speed unit, 

Fig. 8 is an exploded perspective view sowing a transmission case, 

a port block and the stepless change-speed unit, and 

Fig. 9 is a hydraulic circuit diagram of the stepless change-speed 

unit. ; . 

Description of the Preferred Embodiments 

As shown in Figs. 1, 2 and 3, a work vehicle using a traveling 
transmission apparatus of the invention includes a pair of right and left 
steerable front wheels 1 having pneumatic tires and a pair of right and left 
rear wheels 2 having pneumatic tires. An engine 3 for driving the front 
and rear wheels 1, 2 is mounted on a vehicle body frame 4, which frame 
mounts, at a front area thereof, a driver's section 7 including a driver's seat 
5 and a sunshade 6 and mounts, at a rear area thereof, a carrier 8. This 



carrier 8 is vertically pivotable, by means of a dump cylinder 9, about an 
axis located at the rear portion of the carrier and extending transverse to 
the vehicle body. 

The power from the engine 3 is transmitted to the front and rear 
wheels 1, 2 via the traveling transmission apparatus shown in Figs. 4 and 

5. : 

More particularly, power from an output shaft 3a mounting a 
flywheel 10 disposed rearwardly of the engine 3 is transmitted via a rotary 
shaft 11 to an input shaft 31 of a hydrostatic stepless change-speed unit (to 
be referred to as "HST" hereinafter) 30. And, output from an output shaft 
32 of this HST 30 is inputted via a rotary shaft 12 to a gear transmission 
mechanism 13. An output from this gear transmission mechanism 13 is 
inputted to a rear- wheel differential mechanism 14, which in turn provides 
a power from its right and left output shafts 14a via respective rotary shafts 
16 to the rear wheels 2. The gear transmission mechanism 13 provides a 
further output for driving the front wheels. This output is transmitted via 
a clutch mechanism 17 engaging/disengaging power transmission to the 
front wheels 1 and rotary shafts 18, 19 to a front-wheel differential 
mechanism 20, which in turn provides right and; left powers to the front 
wheels 1 via respective rotary shafts 21. 

The gear transmission mechahism 13, the rear-wheel differential 
14, the clutch mechanism 17 and the rotary shafts 11, 12 are all 
accommodated in a transmission case 25 which is coupled to the rear of the 
engine 3 via a flywheel case 25a thereof. As shown in e.g. Fig. 6, the 
rear-wheel differential mechanism 14 is disposed at a position located more 
rearward than the gear transmission mechanism 13 relative to the vehicle 
body. 

. In response to a shift operation of a shift gear 13a, the gear 
transmission mechanism 13 selectively provides a forward drive condition 
in which the output from the HST 30 is switched to the forward traveling 



side and a reverse drive condition in which the output from the HST 30 is 
switched to the reverse traveling side. Further in response to a shift 
operation of a further shift gear 13b, the mechanism 13 selectively outputs 
the forward driving power in two steps of high and low speeds: 

As shown in e.g. Figs. 4 and 7, the HST 30 is disposed rearwardly 
of the gear transmission mechanism 13 and rearwardly also of the right 
and left output shafts 14a of the rear-wheel differential mechanism 14. 

As shown in Figs. 7 and 8, the rear end portion of the transmission 
case 25 is formed as an HST case portion 34 for accommodating a portion of 
the HST 30. And, a port block 33 acting also as a lid for covering an rear 
end opening of the HST case portion 34 of the transmission case 25 is 
detachably secured to the rear end of the HST case portion 34. The HST 
30 includes an axial plunger type variable displacement hydraulic pump 35 
and an axial plunger type fixed displacement hydraulic motor 36 which are 
accommodated within the HST case portion 34 and disposed forwardly of 
the port block 33 relative to the vehicle body, and the HST 30 further 
includes an axial plunger type variable displacement hydraulic motor 37 
which is disposed rearwardly of the port block 33 relative to the vehicle 
body. More particularly, the variable displacement hydraulic pump 35 and 
the fixed displacement hydraulic motor 36 are attached to the inner face of 
the port block 33, whereas the variable displacement hydraulic motor 37 is 
attached to the outer face of the port block 33. 

The output shaft 32 of the HST 30 is used as the output shaft by 
both of the two hydraulic motors 36, 37. Further, by means of a motor 
switchover cylinder 38 disposed rearwardly of the HST case portion 34, the 
swash plate angle of the variable displacement hydraulic motor 37 is varied 
to switch over this hydraulic motor 37 between a drive position and a 
neutral position. As shown in Fig. 9, the port block 33 incorporates a 
drive oil passage 39 so that pressure oil from the hydraulic pump 35 is fed 
to the two hydraulic motors 36, 37 thereby to drive these motors 36, 37. 



When the oil pressure in the drive oil passage 39 exceeds a predetermined 
oil pressure, the motor switchover cylinder 38 is activated by a pilot 
pressure from this drive oil passage 39, thereby to automatically switch 
over the hydraulic motor 37 into its drive position. Whereas, when the oil 
pressure in the drive oil passage 39 is below the predetermined oil pressure, 
the cylinder 38 automatically switches over the hydraulic motor 37 to its 
neutral position. 

With the above-described construction of the HST 30, the drive 
force transmitted from the engine 3 via the rotary shaft 11 is inputted to 
the input shaft 31 as the input shaft of the hydraulic pump 35, thereby to 
drive this pump 35; and also the pressure oil from this hydraulic pump 35 
drives the hydraulic motors 36, 37, which motors 36, 37 in turn drive the 
output shaft 32, so that the drive force originated from the engine 3 is 
outputted from the output shaft 32 with appropriate stepless change in the 
speed thereof in association with corresponding variation in the swash plate 
angle of the hydraulic pump 35. Further, when the front-wheel driving 
load applied to the output shaft 32 is below a predetermined load, the oil 
pressure in the drive oil passage 39 becomes lower than the predetermined 
oil pressure, so that the motor switchover cylinder 38 switches over the 
hydraulic motor 37 to its neutral position. As a result, the pressure oil 
from the hydraulic pump 35 is fed only to the fixed displacement hydraulic 
motor 36 of the two hydraulic motors 36, 37, so that this hydraulic motor 36 
is driven at a high speed. Whereas, when the front- wheel driving load 
applied to the output shaft 32 exceeds the predetermined load, the oil 
pressure in the drive oil passage 39 becomes greater than the 
predetermined value, so that the motor switchover cylinder 38 switches 
over the hydraulic motor 37 to its drive position. As a result, the pressure 
oil from the hydraulic pump 35 is fed in distribution to both of the motors 
36, 37, so that these hydraulic motors 36, 37 are respectively driven at a 
low speed. 



As shown in Figs. 7 and 8, the HST case portion 34 for the HST 30 
is forged at the same time as forging of the transmission case 25 so that this 
HST case portion 34 is formed integral with the rear of the portion 25b of 
the transmission case 25 which portion 25b accommodates the rear-wheel 
differential mechanism 14. And, the hydraulic pump 35 and the fixed 
displacement hydraulic motor 36 are accommodated in the HST case 
portion 34. Further, the port block 33 is detachably screw-connected to the 
HST case portion 34 so as to close the rearward (relative to the vehicle 
body) oriented opening of this HST case portion 34, and to the rear (also 
relative to the vehicle body) face of this port block 33, the variable 
displacement hydraulic motor 37 and the motor switchover cylinder 38 are 
bolt-connected and these motor and cylinder are covered by an HST 
auxiliary coyer 34 also attached to the port block 33. 

Incidentally, as shown in e.g. Fig. 5, inside the rear portion of the 
transmission case 25, there are provided a pair of right and left wet, 
multi-disc type rear-wheel bakes 40 and a front-wheel brake 60 is mounted 
on the axle la of each of the right and left front wheels 1, 1. 

[Other Embodiments] 

The foregoing embodiment employs the particular type of HST 30 
including the two hydraulic motors 36, 37. Instead, the present invention 
may be applied also to a different type of HST including only either one of 
the variable displacement type hydraulic motor and the fixed displacement 
type hydraulic motor. Further, the invention may employ any other 
stepless change-speed unit than the HST. 



